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$EVWUDFW
0DQ\ SRZHU SODQW FRPSRQHQWV DUH VXEMHFW WR FRPELQHG PHFKDQLFDO DQG WKHUPDO ORDGLQJ FRQGLWLRQV GXULQJ WKHLU RSHUDWLQJ
OLIHWLPH ,W LV LPSRUWDQW WKDW SRWHQWLDO IDLOXUHPHFKDQLVPV RI VXFK FRPSRQHQWV DUH H[WHQVLYHO\ LQYHVWLJDWHG LQ RUGHU WR HQVXUH
VXIILFLHQW FRQILGHQFH LQ WKHLU UHOLDELOLW\ 7KLV SDSHU SUHVHQWV VKDNHGRZQ DQG FUHHS UXSWXUH DQDO\VHV RI D KHDGHU EUDQFK SLSH
VXEMHFWHGWRF\FOLFWKHUPRPHFKDQLFDOORDGLQJSHUIRUPHGXVLQJWKH/LQHDU0DWFKLQJ0HWKRG/007KHGHWDLOHGLQYHVWLJDWLRQ




WKH KHDGHU EUDQFK SLSH KDV DOVR EHHQ FDUULHG RXW 7KH LPSDFW WKDW WKHVH JHRPHWULF SDUDPHWHUV KDYH XSRQ WKH OLPLW ORDG
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FRPELQDWLRQV RI PHFKDQLFDO DQG WKHUPDO ORDGV ,Q FDVHV RI SXUH PHFKDQLFDO ORDGLQJ LW LV SRVVLEOH IRU WKHVH
FRPSRQHQWV WRH[SHULHQFHSKHQRPHQDVXFKDVVWULFW VKDNHGRZQ UHYHUVHSODVWLFLW\RU UDWFKHWWLQJ+RZHYHU LQ WKH
HYHQWWKDWVXFKFRPSRQHQWVDUHDOVRH[SRVHGWRVLJQLILFDQWWKHUPDOORDGVWKHUHFDQEHDVLJQLILFDQWLPSDFWXSRQWKH
PDWHULDOSURSHUWLHV VXFKDVD UHGXFWLRQ LQ WKH\LHOG VWUHVV DQG WKLV FDQ LPSDFWXSRQ WKH VKDNHGRZQ OLPLW IRU WKH
FRPSRQHQW
7KHUH DUH D QXPEHU RI ZD\V LQ ZKLFK WKH HODVWLFSODVWLF EHKDYLRXU RI VWUXFWXUHV PD\ EH DQDO\VHG RQH VXFK




PHFKDQLVP LV IRU VSHFLILF ORDGLQJ FRQGLWLRQV LH HODVWLF VKDNHGRZQ SODVWLF VKDNHGRZQ RU UDWFKHWWLQJ 7KH 5
DVVHVVPHQW SURFHGXUH >@ WKDW LV XVHG E\ VSHFLDOLVWV LQ WKH8. QXFOHDU LQGXVWU\ GRHV DOORZ IRU WKH RSHUDWLRQ RI
FRPSRQHQWVRXWVLGHRI WKHFODVVLFHODVWLFVKDNHGRZQOLPLWSURYLGHG WKDW LW LVZLWKLQ WKHJOREDOVKDNHGRZQUHJLRQ
DQG LV QRW H[SHULHQFLQJ UDWFKHWLQJ+RZHYHU GXH WR WKH IDFW WKDW WKH DVVHVVPHQWSURFHGXUHVXVHG LQ WKH FRGH DUH
VLPSOLILHG SURFHVVHV LW FDQ RIWHQ EH GLIILFXOW IRU WKH VKDNHGRZQ VWDWXV RI D FRPSRQHQW WR EH GHPRQVWUDWHG 7KH
/LQHDU0DWFKLQJ0HWKRG /00 KDV WKHUHIRUH EHHQ GHYHORSHG DQG LQFRUSRUDWHG ZLWKLQ $%$486 FRPPHUFLDO
)($SURJUDPIRUFDOFXODWLQJWKHOLPLWERXQGDU\EHWZHHQVKDNHGRZQDQGQRQVKDNHGRZQEHKDYLRXUV>@
7KHFRPSRQHQWWKDWKDVEHHQFRQVLGHUHGLQWKLVSDSHUKDVSUHYLRXVO\EHHQLQYHVWLJDWHGXVLQJWKH/00SOXJLQ>@






'XH WR WKHFRPSOH[QDWXUHRISLSLQJV\VWHPVPDQ\RI WKHFRPSRQHQWVXVHGFRPH LQVWDQGDUGLVHGJHRPHWULHV
KRZHYHULQVRPHFDVHVLWPLJKWEHSUHIHUDEOHIRUFXVWRPGLPHQVLRQVWREHXVHGLQRUGHUWRUHGXFHFRVWVRULPSURYH










GHVFULSWLRQ RI WKH PRGHO WKDW LV XVHG 7KH LQLWLDO DQDO\VHV RI WKH VWDQGDUG JHRPHWU\ DORQJ ZLWK DSSURSULDWH
YHULILFDWLRQFDOFXODWLRQVDQGDQLQYHVWLJDWLRQLQWRWKHHIIHFWWKDWFUHHSUXSWXUHKDVRQWKHDOORZDEOHLQWHUQDOSUHVVXUH
ORDGIRUYDULRXVUXSWXUHWLPHVDUH WKHQGLVFXVVHGLQVHFWLRQ$OVRSUHVHQWHGZLWKLQWKLVVHFWLRQRI WKHSDSHU LVD
SDUDPHWULF VWXG\ RI WKH LPSDFW WKDW FKDQJLQJ WKH GLVWDQFH EHWZHHQ WKH WZR EUDQFK SLSHV KDV RQ WKH IDLOXUH






WKH WRROV WKDW FDQ EH HPSOR\HG WR SHUIRUP WKHVH DQDO\VHV ± VXFK DV WKH5 DVVHVVPHQW SURFHGXUH DQG WKH /00
DQDO\VLVWRRO±VKRXOGEHFOHDUO\XQGHUVWRRGLQRUGHUWRXWLOLVHWKHPFRUUHFWO\
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2.1. Summary of structural responses 
8QGHUPRQRWRQLFORDGLQJFRQGLWLRQVDVWUXFWXUHLVDEOHWRZLWKVWDQGDVRFDOOHG³OLPLWORDG´EHIRUHDSODVWLFKLQJH
LV IRUPHG ZLWKLQ WKH VWUXFWXUH %H\RQG WKLV LW LV QRW SRVVLEOH IRU WKH VWUXFWXUH WR VXVWDLQ DQ\ DGGLWLRQDO ORDGV
+RZHYHUZKHQ F\FOLF ORDGLQJ DFWV RQ WKH FRPSRQHQW LW FDQ DOVR H[SHULHQFH IDLOXUH DW ORZHU OHYHOV8QGHU VXFK














:KHQ WKH UHVSRQVH LV HQWLUHO\ HODVWLF RUZLWKLQ WKH VWULFW VKDNHGRZQ UHJLRQ WKHQ VXFK D FRQGLWLRQ LV JHQHUDOO\
SHUPLVVLEOH,QIDFWGXHWRWKHLQLWLDOSODVWLFVWUDLQVDFFXPXODWHGGXULQJVWULFWVKDNHGRZQLW LVSHUPLVVLEOHIRUWKH
HODVWLFOLPLWWREHH[FHHGHGLQVRPHORFDWLRQVSURYLGHGWKDWDORZF\FOHIDWLJXHDVVHVVPHQWLVSHUIRUPHG7KHJOREDO
VKDNHGRZQRI D FRPSRQHQWPD\DOVREHSHUPLWWHG VR ORQJ DV WKHSUHVHQFHRI UHYHUVHSODVWLFLW\ LV DFFRXQWHG IRU
WKURXJK D ORZ F\FOH IDWLJXH DVVHVVPHQW )RU WKH YDVWPDMRULW\ RI FDVHV LW LV QRW DFFHSWDEOH IRU WKH FRPSRQHQW WR
HQFRXQWHUUDWFKHWLQJ
,I D FRPSRQHQW LV H[SRVHG WR H[FHVVLYH WHPSHUDWXUHV WKHQ FUHHS D SKHQRPHQRQ LQYROYLQJ WKH FUHDWLRQ DQG
PRYHPHQWRIGHIHFWVPD\RFFXU7KHFUHHSUXSWXUHOLPLWWKHQEHFRPHVDQRWKHULPSRUWDQWGHVLJQOLPLWDVZHOODV
ERWKWKHFRPSRQHQWVKDNHGRZQDQGUDWFKHWOLPLWV
2.2. The Linear Matching Method 
+DYLQJ DOUHDG\ EHHQ GHVFULEHG H[WHQVLYHO\ LQ YDULRXV RWKHU ZRUNV > @ LW LV IHOW XQQHFHVVDU\ IRU D IXOO
GHVFULSWLRQRIWKH/00WREHUHSRUWHG
7KH /00 LV EDVHG RQ WKH SULQFLSOH WKDW D OLQHDU PDWHULDO PRGHO FDQ EH XVHG ZLWKLQ DQ LWHUDWLYH SURFHVV WR
VLPXODWHQRQOLQHDUHODVWLFSODVWLFEHKDYLRXURIPDWHULDOV7KLVSURFHVV LQYROYHV WKHPRGXOXV WKURXJKRXW WKHPRGHO
EHLQJ UHGXFHG LQ UHJLRQVZKHUH VWUHVV H[FHHGV WKHPDWHULDO \LHOG VWUHVV GXULQJ VHTXHQWLDO OLQHDU HODVWLF DQDO\VHV
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WKHUHIRUHHQDEOLQJWKHUHGLVWULEXWLRQRIVWUHVVHVWKURXJKRXWWKHVWUXFWXUH7KLVSURYLGHVDYHU\DFFXUDWHGHSLFWLRQRI
WKHZD\VXFKVWUHVVHVDUHGLVWULEXWHGLQDQHODVWLFSODVWLFPDWHULDO(DFKRIWKHLWHUDWLRQVPD\XVHDPRGLILHGYDOXHRI





EHHQXVHGZLWKLQ WKLV VWXG\ WR SHUIRUP WKH FDOFXODWLRQV QHFHVVDU\ WR GHWHUPLQH WKH VKDNHGRZQ DQGFUHHS UXSWXUH
OLPLWERXQGDULHV
3.1. Header branch geometry 
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7KH)(PRGHOKDVEHHQPHVKHGXVLQJWKHTXDGUDWLFEULFNHOHPHQW&'5ZLWKLQ$%$486DVVKRZQLQ)LJD
%LDV KDV EHHQ XVHG LQ RUGHU WR JHQHUDWH D GHQVHU PHVK DW WKH LQWHUVHFWLRQ EHWZHHQ WKH EUDQFK DQG PDLQ SLSH
UHVXOWLQJ LQ DPHVK WKDW FRQVLVWV RI  HOHPHQWV )LJ E WKHQ VKRZV KRZ WKH FRPSRQHQW KDV EHHQPHVKHG
DURXQGWKHLQWHUVHFWLRQEHWZHHQWKHPDLQDQGEUDQFKSLSHLQJUHDWHUGHWDLO






















3U V   
(DFK ORDG F\FOH LQ WKH VWHSE\VWHS DQDO\VLV FRQVLVWV RI WKUHH VWHSV XQLIRUP ORZ WHPSHUDWXUH GLVWULEXWLRQ
WUDQVLHQWWHPSHUDWXUHGLVWULEXWLRQDQGXQLIRUPKLJKWHPSHUDWXUHGLVWULEXWLRQDQGVRWKHUPDODQDO\VHVDUHSHUIRUPHG
WRJHQHUDWHWKHRXWSXWGDWDEDVHILOHVQHHGHGWRDSSO\WKHVHF\FOLFWKHUPDOORDGVDVSUHGHILQHGILHOGV7KH'&'






4.1. Shakedown and creep rupture analysis 













4.1.1. Shakedown analysis and verification 
7KH VKDNHGRZQ ERXQGDU\ LV D WKHRUHWLFDO OLQH VHSDUDWLQJ VKDNHGRZQ DQG QRQVKDNHGRZQ EHKDYLRXUV DQG LV


































RI WKHFRPSRQHQW LVKLJKO\GHSHQGHQWRQ WKH ORDGLQJFRQGLWLRQV ,Q WKHFDVHRI WKHSXUHO\ WKHUPDO ORDGF\FOH WKH






,QRUGHU WRHQVXUHWKDW WKHUHVXOWVREWDLQHGWKURXJKWKH/00SOXJLQDUHDFFXUDWH LW LVQHFHVVDU\IRUDVHULHVRI
VWHSE\VWHSDQDO\VHVWREHSHUIRUPHGIRUYHULILFDWLRQ7KHVHFDQEHYHU\WLPHFRQVXPLQJDVDUHVXOWRIUHTXLULQJD
VLJQLILFDQWQXPEHURIORDGLQJF\FOHVIRUDVWHDG\VWDWHUHVSRQVHWREHDFKLHYHG$VDUHVXOWRQO\WKHIRXUDQDO\VHV
KDYH EHHQ SHUIRUPHG IRU WKH SRLQWV KLJKOLJKWHG LQ )LJ  3RLQWV¶ ³$´ DQG ³%´ DUH XVHG WR YHULI\ WKH UHYHUVH
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)LJXUHDSURYLGHV FRQILUPDWLRQRI WKH UHYHUVHSODVWLFLW\ OLPLW ERXQGDU\ WKDWZDVGHWHUPLQHGXVLQJ WKH/00
)URPWKLVLWFDQEHVHHQWKDWWKHUHVSRQVHDWSRLQW³$´EHORZWKHOLPLWLVVWULFWVKDNHGRZQ$WSRLQW³%´DERYHWKH




4.1.2. Creep rupture analysis 
&UHHS LV D SKHQRPHQRQ WKDW LV GHSHQGHQW XSRQ ERWK WKH RSHUDWLQJ WHPSHUDWXUH DQG WKH FUHHS GZHOO WLPH 7R
GHPRQVWUDWH KRZ RSHUDWLQJ WHPSHUDWXUH DQG FUHHS GZHOO WLPH FDQ LPSDFW RQ WKHPD[LPXP LQWHUQDO SUHVVXUH WKH
KHDGHU FDQ VXVWDLQ FUHHS UXSWXUH OLPLW DQDO\VHV XQGHU XQLIRUPKLJK WHPSHUDWXUHZHUH SHUIRUPHG8QOLNH IRU WKH
VKDNHGRZQDQDO\VLVZKHUHWKHWUDQVLHQW WHPSHUDWXUHGLVWULEXWLRQKDVDVLJQLILFDQW LPSDFWRQWKHVKDNHGRZQOLPLW





     
      
      
      
      
      
      

7KH YDOXHV IRU FUHHS UXSWXUH VWUHVV XVHG WKURXJKRXW WKLV DQDO\VLV DUH VKRZQ LQ 7DEOH  >@ )RU FHUWDLQ
WHPSHUDWXUHVDQGUXSWXUHWLPHVWKHUHLVQRGLIIHUHQFHEHWZHHQWKHFUHHSUXSWXUHVWUHVVDQGWKH\LHOGVWUHVV,WFDQEH
VHHQIURP)LJWKDWZKHQWKHFRPSRQHQWLVRSHUDWLQJDWWHPSHUDWXUHVOHVVWKDQDURXQG&WKHUHLVQRVLJQLILFDQW
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+RZHYHUDVWKHRSHUDWLQJWHPSHUDWXUHRIWKHFRPSRQHQWLVUDLVHGWR&LWFDQEHVHHQWKDWIRUJUHDWHUUXSWXUH
WLPHVWKHUHEHJLQVWREHDUHGXFWLRQLQWKHFUHHSUXSWXUHOLPLWRIWKHFRPSRQHQW7KLVLVGXHWRWKHIDFWWKDWWKHFUHHS
UXSWXUH VWUHVVYDOXHV IRU WKHVH WHPSHUDWXUHYDOXHVKDYHPDJQLWXGHVZKLFKDUH OHVV WKDQ WKDWRI WKH\LHOG VWUHVV ,Q













4.2. Effect of changing branch pipe separation 
7KH %UHHOLNH GLDJUDP IRU WKH YDULHG VHSDUDWLRQ DQDO\VLV RI WKH KHDGHU EUDQFK SLSH XQGHU FRQVWDQW LQWHUQDO
SUHVVXUHDQG WKH WKHUPDO F\FOHZKLFKKDYHEHHQFKRVHQ IRU WKLV VWXG\ VKRZQ LQ7DEOH LV VKRZQ LQ)LJ$V
EHIRUHWKHFRQVWDQWLQWHUQDOSUHVVXUH3KDVEHHQQRUPDOLVHGDJDLQVWWKHLQLWLDOYDOXH3DQGWKHF\FOLFWHPSHUDWXUH
ORDG ǻș KDV EHHQ QRUPDOLVHG DJDLQVW WKH LQLWLDO YDOXHǻș9DOXHV IRU WHPSHUDWXUH GHSHQGHQW \LHOG VWUHVV IURP
7DEOHZHUHDJDLQXVHGIRUWKHVHDQDO\VH
7KHVHUHVXOWVGHPRQVWUDWHWKDWWKHUHLVQRVLJQLILFDQWLPSDFWXSRQWKHUHYHUVHSODVWLFLW\RIWKHFRPSRQHQWDVWKH
VHSDUDWLRQ LV PRGLILHG KRZHYHU LW FDQ EH VHHQ WKDW WKHUH LV D VOLJKW GHFUHDVH LQ WKH UDWFKHW OLPLW IRU D UHGXFHG
VHSDUDWLRQ)LJ VKRZV WKHHIIHFWLYHSODVWLF VWUDLQRI WKHFRPSRQHQW DW WKH UHYHUVHSODVWLFLW\ OLPLWXQGHU F\FOLF
WKHUPDO ORDGLQJ IRU WKH YDULRXV FRQILJXUDWLRQV ,Q WKH FDVH RI WKHVH ODUJH OHYHOV RI F\FOLF ORDGLQJ WKH FRPSRQHQW
IDLOXUHPHFKDQLVPSUHGLFWHGE\WKH/00LVORFDWHGRQWKHRXWHUVXUIDFHRIWKHEUDQFKSLSHEDVHZKHUHLWLQWHUVHFWV



























7KLV SKHQRPHQRQ UHVXOWV IURP WKH LQWHUDFWLRQ RI WKH VWUHVV ILHOGV JHQHUDWHGZLWKLQ WKHPDLQ SLSH E\ WKH LQWHUQDO
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SUHVVXUHRQ WKHEUDQFKHV+RZHYHUZKHQWKHGLVWDQFHEHWZHHQ WKHEUDQFKHV LV ODUJHHQRXJKWKHVHGRQRWRYHUODS
DQGWKHUHIRUHKDYHQRUHVXOWLQJLPSDFWXSRQWKHIDLOXUHPHFKDQLVPRIWKHFRPSRQHQW
4.3. Effect of changing branch pipe diameter 
9DOXHVIRUWHPSHUDWXUHGHSHQGHQW\LHOGVWUHVVIURP7DEOHZHUHDJDLQXVHG7DEOHGHPRQVWUDWHVKRZGLDPHWHU
KDVEHHQFKDQJHGIRUWKLVVWXG\'LVWDQFHEHWZHHQSLSHVLVNHSWFRQVWDQWE\PRGLI\LQJWKHYDOXHIRUVHSDUDWLRQWR




KDV EHHQ QRUPDOLVHG DJDLQVW WKH LQLWLDO YDOXH ǻș 7KHVH UHVXOWV GHPRQVWUDWH WKDW ERWK WKH UHYHUVH SODVWLFLW\ DQG






,Q)LJ  WKH HIIHFWLYHSODVWLF VWUDLQ RI WKH FRPSRQHQW XQGHU WKH F\FOLF WKHUPDO ORDGLQJ FRQGLWLRQRQO\ DW WKH
UHYHUVHSODVWLF OLPLW LVVKRZQ7KH/00SUHGLFWV WKDW WKHIDLOXUHPHFKDQLVPXQGHUVXFK ORDGLQJZLOORFFXUDW WKH
EDVH RI WKH EUDQFK SLSHV:KHQ WKH GLDPHWHU LV UHGXFHG WR D VPDOO HQRXJK YDOXH WKLV IDLOXUH RFFXUV DURXQG WKH
FRPSOHWH FLUFXPIHUHQFH RI WKH EUDQFK EDVH:KHUHDV LW FDQ EH VHHQ IRU PHGLXP VL]HG GLDPHWHUV WKDW IDLOXUH LV
ORFDOLVHGWRWKHRXWHUVXUIDFHRIWKHEUDQFKSLSHEDVHZKHUHLWLQWHUVHFWVZLWKWKHVLGHRIWKHPDLQSLSH,QWKHFDVHRI
DYHU\ODUJHGLDPHWHUWKHIDLOXUHPHFKDQLVPLVORFDWHGLQWKHVDPHUHJLRQRIWKHEUDQFKSLSHEDVHEXWRQWKHLQWHUQDO
VXUIDFH7KLV LQFUHDVHG UHVLVWDQFH WR WKHUPDO ORDGLQJ LV SDUWO\ GXH WR WKH LQFUHDVHGZDOO WKLFNQHVVZKLFK UHGXFHV
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